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After 4th experimental campaign, two new gyrotrons 
with the frequencies of 84GHz and one transmission line 
were installed. As a result, three 168GHz, two 84GHz, and 
two 82.7GHz gyrotrons are used for the injection power for 
LHD. The new gyrotrons are diode-type tube that has 
depressed collector and generates an output power of 
800kW/3sec. The new transmission line composed of 
corrugated waveguides with 31.75mm of inner diameter is 
used in an evacuated condition. An advantage enables us to 
transmit high power and long pulse microwave without 
arcing. It was connected to 1.5L injection port of LHD with 
minimum number of bends and length to transmit the 
microwave effectively. The other transmission lines were 
not improved drastically and were realigned their beam axis. 
The new gyrotrons can produce the highest power. This is 
the first trial of transmission with smaller diameter 
waveguides than those of existing transmission lines. 
Therefore we tested the transmission perfonnance to check 
the capability and measured the efficiency over long 
distance. 
Before the test, we aligned the transmission line using a 
He-Ne laser again to reduce the deformation that may be 
affected by an earthquake. This method is based on the way 
so that the center of laser beam is matched with axis of 
propagating microwave in waveguide. For the alignment, 
we used the longest part of the transmission line as the 
basis for the axis of the microwave propagation. 
It was a little difficult for us to access or test on the top 
of LHD vacuum vessel. The transmission line was tested at 
the waveguide straight section near LHD (within 90% of 
total length and 40-80% of the total number of miter bends ), 
where a brick dummy load was installed for aging of the 
transmission line. The loss at these miterbends and in the 
waveguide was estimated from the test results. The 
microwave with the low power (-20% of maximum) and 
short pulse (-lOOms) was transmitted because transmission 
line has many green components and the power input to the 
dummy load for measurement was limited. The test result is 
shown in Table 1. 
From the result, we find that the beam alignment is 
effectively improved to be the transmission efficiency of 2-
10%. We obtain the remarkable improvement of + 13.3% in 
the L2 line. In the new line (L4) on the vacuum condition, 
transmission efficiency is not so high in spite of decrease in 
the number of miterbends. We need to readjust the coupling 
mirrors in the MOD more exactly. Compared with last 
experimental campaign, most of lines could be raised the 
total efficiency up to 60-75%. 
We will install one more gyrotron with the frequency of 
168GHz to the conventional transmission line by the next 
experimental campaign. We will align and test the all 
transmission line on the same method again. Fig.1. 
illustrates the total system of the ECH transmission lines in 
the next experimental campaign. 
Transmission Coupling Transmission Total 
line(gyrotron efficiency at efficiency efficiency 
frequency) MOD(%) behind MOD (%) 
(%) 
L1(168GHz) 77(+8) 79(+4.6) 60.6(+3.2) 
L2(168GHz) 76(+2) 89(+13.3) 67.3(+9.5) 
L3(168GHz) 86( -1) 75(+2) 64.7(+2) 
L4(84GHz- 68 77 52.4 
evacuated) 
L5(84GHz) 63.6 89( +5.4) 56.6 
Lll(82.7GHz) 92 77(-3.5) 70.8 
L12(82.7GHz) 94.6(0) 79(+2) 74.5( + 1.8) 
Table 1. Transmission efficiency at MOD (Matching Optics 
Unit), transmission line behind MOD, and total efficiency. 
Numbers in parentheses show increase or decrease 
compared with previous system. The L4 line is a newly 
installed system. 
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Fig. 1. Total transmission system of ECH for LHD at next 
(6th) experimental campaign. Each line has a water dummy 
load (WL) for power measurement and a brick dummy load 
(BL) for conditioning. 
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